We have performed ab initio total energy calculations and molecular-dynamics simulations of dye molecules on NaCl(100) surfaces and in water. The flat dye molecule trimethine, [C 19 H 17 N 2 O 2 ] + , which forms sandwich-like structures, and the cyanine molecule monomethine, [C 21 H 23 N 2 ] + , which shows a typical stereochemical deformation due to two repulsive methyl groups, have been simulated. The molecular-dynamics simulations are able to reproduce the experimentally observed configuration of the charged molecules. The behavior of trimethine, [C 7 H 15 N 2 ] + , in water has also been simulated.
Introduction
The Vienna ab initio simulation package (VASP) is a package for performing ab initio quantum-mechanical molecular-dynamics (MD) using density functional theory with pseudopotentials and a plane-wave basis set. The details are described in the publications of its authors.
1,2 We have performed ab initio total energy calculations and MD simulations of dye molecules on surfaces and in water.
Optimization of a water molecule by VASP with the local density approximation (LDA) and the general gradient approximation (GGA) leads to a bond angle of 105
• and O-H bond length of 0.97Å. Both results are in good agreement with the experimental values.
MD Calculation of Dye Molecules
Adsorption of dye molecules on surfaces is a very old problem. With respect to photochemistry the study of the behavior of dye molecules on AgCl or AgBr surfaces would be of interest.
3 Because of the many valence electrons of Ag we have investigated as a preliminary study the behavior of dye molecules on the NaCl(100) surface, which has a quite similar lattice constant compared to the AgCl lattice.
First we discuss the total energy calculation of the flat dye molecule trimethine, [C 19 
+ , which shows a sandwich-like structure. Theoretical investigations 4 have proposed different arrangements of dye molecules. We have put two dye molecules on the NaCl surface. The distance between the dye molecules and the surface is 2.5Å. The results have shown that the optimal distance of two dye molecules is 3.9Å and 3.5Å, whereby the slided structure corresponds to the minimum energy. The total energy also depends on the decline of the dye molecules procR: submitted to World Scientific on July 30, 1999 but the perpendicular arrangement with respect to the surface corresponds to the minimum energy. These results support the observation that flat dye molecules stand up and make a perpendicular aggregation on the surface. 5 It is interesting to confirm the stability of this sandwich-like structure by MD calculations but we have so far only simulated two molecules.
The cyanine molecule monomethine, [C 21 H 23 N 2 ] + has a twisted ground state configuration due to the steric repulsion between the methyl groups on the N atoms. 6 We have put a monometine on an NaCl surface and done MD. After 400 fs of relaxation by MD, the molecule changes its form as shown in Fig. 1 , which is consistent with the experimentally observed structure. 3 The energy gain is about 0.4 eV compared to the initial structure. + , in water has also been simulated. The supercell size is 10.92Å 3 and contains 34 water molecules, which corresponds to the real density of water. The energy gain per one water molecule is (E dye+water −E dye −E water )/34 = −0.122 eV.
Conclusion
We have performed MD simulations of dye molecules with VASP. The resulting structures for all molecules are in very good agreement with the experimental conformation.
